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(54) Abstract Title: Remotely operable marine measurement system 



(57) A marine measurement system for obtaining 
measurements in an underwater operating 
environment includes a base structure (207) having 
a top surface, a bottom surface, and cavities 
provided therebetween. The cavities are also open 
to the top surface. The measurement system further 
includes measurement equipment retained in the 
cavities. A diaphragm membrane is applied 
adjacent the top surface and seals the cavities. The 
diaphragm is positioned in pressure 
communication with the operating environment. 
Furthermore, the cavities are defined by the 
membrane and the base structure and filled with a 
pressure compensating fluid that is in pressure 
communication with the operating environment 
through the diaphragm membrane. Magnetotelluric 
sensors may be attached to arms (209). Also 
disclosed is a releasable biodegradable anchor 
system with a floatation package to float the 
measurement system after use. 
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REMOTELY OPERABLE MEASUREMENT SYSTEM AND METHOD 

EMPLOYING SAME 

BACKGROUND OF THE INVENTION 

The present invention relates generally to remotely operable measurement 
systems subject to relatively high environmental pressure such as subsea or marine 
exploration systems and a method of conducting measurements under such pressures. 
More particularly, the present invention relates to such remotely operable systems that 
contain electronic equipment and instrumentation ("measurement equipment") which 
may be sensitive to such high pressure. The invention further relates to a subsea or 
marine electromagnetic measiurement system and a method of employing same. 

The present invention is particularly related to remotely operable 
electromagnetic measurement systems such as Magnetotelluric (MT) measurement 
systems. MT measurements are used to compute an electromagnetic impedance of 
selected earth formations. MT measurements are especially useful in regions where 
seismic imaging is inappropriate. For example, MT exploration is useful when 
evaluating geologic formations such as salts and carbonates. Salts, carbonates, and 
other particular formations may scatter seismic energy when seismic energy is 
propagated through them because of large velocity contrasts and inhomogeneties 
located within these formations, whereas the electromagnetic energy of the MT source 
fields propagates through these layers with less distortion. The MT method measures 
variations in the earth's magnetic and electric fields and does not use seismic energy to 
determine formation characteristics. 

The MT method is typically used to measure an electromagnetic impedance as a 
function of frequency. Lower frequency provides a greater depth of penetration. The 
measured impedance may be transformed into an apparent resistivity and/or 
conductivity of the selected formations. Measuring impedance at several locations at 
various frequencies enables a determination of resistivity and/or conductivity as a 
function of both depth and horizontal position. Therefore, the MT method may be used 
to evaluate formation resistivity over large areas of the seafloor. The formation 
resistivities of the various formations in a selected area may then be analyzed to 
determine the formation geometry, the presence or absence of hydrocarbons in selected 
formations, and the like. 
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The MT method is a passive method that uses natural variations in the earth's 
magnetic field as an energy source. The method includes a subsea system that detects 
orthogonal magnetic and electric fields proximate the seafloor to define a surface 
impedance. The surface impedance, as described above, may be measured over a broad 
range of frequencies and over a large area where layered formations act in a manner 
analogous to segments of an electrical transmission line. An MT method that operates 
according to the principles described above is generally disclosed in U.S. Patent No. 
5,770,945 issued to Constable. The type of electromagnetic receiver disclosed therein 
can also be used to record electromagnetic signals which originated fi-om various kinds 
of transmitter systems such as a towed cable bipole or magnetic loop source. 

In addition, the receivers could be used to detect electromagnetic radiation 
originating from other types of signals such as emanating fix)m naval ships (corrosion 
currents, electric circuits, generators, moving machinery) or from electric or magnetic 
sources located in boreholes or nearly land sources. The objective of these 
measurements could range from detailed exploration of the subsurface conductivity 
structure to monitoring naval traffic or operations to determining leakage signals from 
subsea cables. 

Referring to FIG. 1 , the subsea system usually includes an apparatus such as an 
magnetotelluric (Mt) measurement system 100 disclosed in the Constable patent. MT 
measurement system 100 includes a body 102 having a battery pack (not shown), a data 
acquisition system 104, two orthogonally oriented magnetic sensors 122 and 124, and 
four arms 139, 140, 142, and 144, each of which includes an electrode 118, 1 19, 120, 
121 mounted at the end thereof. The electrodes 1 18, 1 19, 120, 121 are silver-silver 
chloride electrodes, and the magnetic sensors 122, 124 are magnetic induction coil 
sensors. 

The arms 139, 140, 142, 144 are five meters long and approximately 2 inches in 
diameter. The arms 139, 140, 142, 144 are typically formed from a semi-rigid plastic 
material {e.g., polyvinyl chloride or polypropylene) and are fixed to the body. The five 
meter length of the arms 139, 140, 142, 144 makes it difficult to store, deploy, and 
retrieve the MT system 100 fi:om a surface vessel (not shown) because the aims 139, 
140, 142, 144 are fixed with respect to the body 102 (as shown in FIG. 1). The anns 
139, 140, 142, 144 are designed to rest on the seafloor when the MT system 100 is in 
place. 
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The body 102 is attached to a releasable concrete anchor 128 that helps the MT 
system 100 sink to the seafloor after deployment. The body 102 generally rests on top 
of the anchor 128 when it is positioned on the seafloor. The anchor 128 may be 
released after MT measurements have been completed so that the body 102 may rise to 
the surface and be retrieved by the surface vessel (not shown). 

The system shown in FIG. 1, therefore, consists of two orthogonal electric 
dipoles and two orthogonal magnetic sensors. The magnetic sensors are located 
proximate the power supply and the data acquisition system. Because the magnetic 
sensors are very sensitive so as to detect small changes in the earth's magnetic field, the 
magnetic sensors may also detect equivalent magnetic fields generated by current 
flowing from the power supply to the data acquisition system and other electrical 
equipment. These equivalent magnetic fields may therefore contaminate the data and 
must be removed from the data using digital signal processing techniques. 

Moreover, the magnetic sensors are extremely sensitive to noise. Any motion 
of the body and/or arms are the MT system caused by sea currents or marine life 
moving past the MT system as well as the motion of conductive fluid around the 
corresponding sensor can be detected. These fluctuations in the magnetic field are also 
recorded by the magnetic sensors and must be removed using signal processing 
techniques. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a prior art electromagnetic measurement system; 

FIG. 2 is a schematic in elevation view of a subsea or marine electromagnetic 
measurement system, according to the present invention; 

FIG. 3 is a top view of the electromagnetic measurement system in FIG. 2; 

FIG. 4 is a top view of the base structure of the electromagnetic measurement 
system in FIG. 2; 

FIG. 5 is an exploded cross-sectional view of the base structure in FIG. 4, 
according to the present invention; 

FIG. 6 A is a top view of an alternative subsea electromagnetic measurement 
system, according to the present invention; 

FIG. 6B is an elevation view of the measurement system in FIG. 6A; 

FIG. 7A is a top view of an altemati ve embodiment of the electromagnetic 
measurement system, according to the present invention; and 

FIG. 7B is an elevation view of the measurement system in FIG. 7A. 
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SUMMARY OF THE DWENTION 

A marine measurement system and method are disclosed for obtaining 
measurements in a subsea or underwater operating environment. 

In one aspect of the invention, the system includes a base structure having a top 
surface, a bottom surface, and cavities provided therebetween. The cavities are also 
open to the top surface. The measurement system further includes measurement 
equipment (e.g. , electronic equipment and/or instrumentation, and related components), 
which are retained in the cavities. A diaphragm membrane is applied adjacent the top 
surface and seals the cavities. The diaphragm membrane is positioned in pressure 
communication with the operating environment. Furthermore, the cavities are defined 
by the diaphragm membrane and the base structure and filled with a pressure 
compensating fluid (preferably, an incompressible fluid such as oil) that is in pressure 
communication with the operating environment through the diaphragm membrane. 

In another aspect of the invention, a pressure compensation system is provided 
for a remotely operable measurement system that is subject to relatively high 
environmental pressure. The pressure compensation system is provided for balancing 
the pressure with the measurement system within the operating environment. The 
pressure compensation system includes cavities in a base structure of the measurement 
system. The cavities retain measurement equipment and have open ends. Furthermore, 
a diaphragm membrane is applied adjacent the base structure to seal the open ends of 
the cavities (and the measurement equipment retained therein). The diaphragm 
membrane is positioned in pressure communication with the operating environment 
(i.e., operating pressure). The pressure compensation system also includes a fluid 
reservoir filling the cavities, preferably with an incompressible fluid such as oil. The 
fluid reservoir is configured to be in pressure communication with the diaphragm 
membrane. Preferably, the cavities of the pressure compensation system are in fluid 
pressure communication with one another. More preferably, a cover is also included 
for retaining over the diaphragm membrane (by sealing the diaphragm membrane over 
the cavities). Such a cover may have one or more apertures for communicating 
pressure to the diaphragm membrane. 

In yet another aspect of the invention, an electromagnetic system is provided for 
obtaining measurements in an underwater operating environment. The system includes 
a base structure and electromagnetic measurement equipment retained by the base 
structure. Furthermore, the system includes an anchoring subsystem for anchoring the 
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base structure to the seafloor upon deployment. The anchoring subsystem includes a 
releasable container (e.g., sandbags) containing anchor weight (e.g., sand). The 
container is made of a biodegradable material such as canvas, cotton, and the like. 
Furthermore, the anchoring subsystem includes a flotation package adapted to float the 
base structure to the surface upon release of the anchoring subsystem. A common 
flotation package will include gas-filled flotation balls. Preferably, the anchoring 
subsystem will also include a release mechanism for releasing the sandbag and this 
release mechanism will include a biodegradable retention line to secure the sandbag. 

Other features, benefits and advantages of the present mvention will become 
apparent, to one skilled in the relevant mechanical, geological, and other relevant art, 
Irom the following description and/or drawings, and the appended claims. 

DETAILED DESCRIPTION 
The present invention relates generally to remotely operable measurement 
systems which are subject to relatively high environmental pressure, such as subsea or 
marine exploration systems. Such systems would include electromagnetic receiving 
systems, seismic data acquisition systems, acoustic systems, ocean bottom tilt meters, 
chemical analysis systems, and other systems that employ sensitive measurement 
equipment. Typically, these systems employ pressure vessels for storing the sensitive 
equipment and protecting the sensitive equipment from environmental conditions, i.e,, 
high pressure. For purposes of the present description, certain electromagnetic 
measurement systems may be referenced and highlighted. The present invention 
should not, however, be limited to the specific systems described herein. 

As used herein, the terms "measurement equipment" shall refer to any of the 
above-mentioned types of equipment, related equipment, and/or instruments. Such 
"measurement equipment" are any of those equipment, related parts and components 
which are sensitive to remote environmental operating conditions, and, thus requiring 
protection therefrom. Oftentimes, such equipment require special calibration or design. 
In other parts of the present Description, such "measurement equipment" may be 
referred to as "equipment," "electronic equipment," or "instrumentation." 

Some of tfiese systems are regularly operated at depths up to 6,000 meters and 
pressures up to 15,000 psi. The present invention is particularly related to marine 
electromagnetic system and method such as those described in U.S. Patent No, 
6,842,006, which issued January 1 1, 2005. This patent teaches a seafloor 
electromagnetic measurement device for obtaining underwater measurements of earth 
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fonnations. Authored by the current Applicants and assigned to the current Assignee, 
this patent publication includes background information that can facilitate the 
description of the present invention, and more particularly, highlight the Applicants' 
current contribution to the art. Accordingly, U.S. Patent No. 6,842,006 is hereby 
incorporated by reference for all purposes and included as part of the present 
disclosure. 

FIGS. 2-7 depict subsea or marine electromagnetic measurement systems 
embodying various aspects of the present invention. It should be noted that the 
embodiments depicted and described are provided for exemplary purposes and should 
not be construed as limiting the invention. For example, certain aspects of the 
inventive system provide a pressure compensation system that may be applicable to 
other structures and/or measurement systems not discussed herein. As another 
example, the anchoring system provided in some of the Figures can be adapted for use 
with other high pressure electromagnetic measuring devices, pressure compensation 
packages or systems, and other structures. 

Referring now to FIG. 2, an electromagnetic measurement system 201 is 
provided that is particularly adapted for subsea or marine application. The 
measurement system 201 includes or incorporates electronic equipment and other 
equipment that require protection from the marine elements, including pressure and 
saltwater. The measurement system 201 is shown anchored or situated on a seajfloor 
203 by means of an anchor 205. The anchor 205 is preferably provided in the form of e 
weighted solid disc or slab 205 that rests conveniently on the seafloor 203. hi further 
applications, the anchor 205 may be a durable concrete anchor that allows the 
measurement system 201 to sink to the seafloor 203 upon deployment. The anchor 205 
may also be released to facilitate retrieval of the system 201 from the seafloor 203. 

The measurement system 201 further includes a central body or base structure 
207 that is secured atop the anchor 205. The base structure 207 preferably comes, as 
shown in FIG. 2, in the form of a solid, compact slab or disc. The base structure 207 
retains most of the measurement equipment. In the measurement system 207 of FIGS. 
2 and 3, four sensor arms 209 extend outward from the central body 201 in various 
directions. The arms 209 are fixed to the base structure 207 and are typically about five 
meters in length. 

Furthermore, the measurement system 201 includes flotation balls 211 secured 
preferably atop the base structure 207, as is known in the art. The function of the 
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flotation balls 211 is to facilitate deployment of the measurement system 201 in a 
predetermined maimer. The flotation balls 21 1 also facilitate the retrieval of the 
measurement system 201 (i.e., upon release of the anchor 205). Further illustrated in 
FIG. 2 is a hydrodynamically shaped recovery float 213 provided above the flotation 
balls 211. The recovery float 213 is released to the surface to allow a ship to more 
easily find the system. 

FIG. 4 provides a top view of the base structure 207. The base structure 207 is 
preferably a thick, disk-shaped slab having a top surface 207a and bottom surface 207b. 
The slab is preferably a nonconductive, plastic (e.g., 1" thick polyethylene) material. 
More preferably, the slab is slightly buoyant and, thus, does not contribute to the 
underwater weight of the system 201. 

As shown in FIG. 4, the sensor arm 209 contains a cable 401 that intrudes into 
the side of the base structure 207. The sensor arm 209 may further contain electrode 
433 which may be positioned along any position along the entire length of sensor arm 
209. (See e.g. , FIGS. 2C, 6B and Detailed Description of '006 Patent). The base 
structure 207 provides a port cavity or pot 403 into which a proximate end of the arm 
209 conveniently and sealingly resides. 

In accordance with the present invention, the measurement system 201 is 
provided a pressure compensation system for balancing the pressure within the cavities 
with the pressure of the external operating environment The plastic base structure 207 
is provided with a plurality of chambers or cavities in which the electronic equipment, 
cabling, and other sensitive components are situated and retained. The cavities are 
preferably sealed and is pressure compensated by way of interaction between a 
diaphragm and a fluid reservoir consisting of preferably incompressible fill fluid in the 
cavity. As used herein and as illustrated in FIG. 4, the cavities come in varying fonns 
and sizes. The cavities may be in the form of cylindrical ports, such as port 403', 
channels 405', 415', depressions or wells 407', 413', 417', 419', and the like. 
Preferably, the cavities are carved into the slab of the base 207. More preferably, the 
various cavities are interconnected, and thus, in pressure fluid communication with one 
another. An important feature of the base 207 and more specifically, the cavities 
provided or carved therein, is that the cavities are open on one end preferably 
corresponding with a top surface 207a of the base 207. Moreover, the cavities are flush 
with the top surface 207a. 
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In the example of FIG. 4, the cavities are provided to accommodate 
measurement equipment including a battery pack 407, sensor electronics 413, a data 
acquisition system 41 7, and output connector 419. Each of these cavities is a relatively 
large indentation or chamber sized to accommodate the intended electronic or other 
sensitive equipment. Furthermore, the base 207 includes channels 407' and 415' to 
communicate cables that interconnect with the various electronic components. As 
mentioned above, in the preferred embodiment, each of these cavities is in mutual fluid 
communication, and thus, are pressure equalized. 

Referring now to FIG. 5, a blowup cross-sectional view of certain components 
of the measurement apparatus 201 is provided. FIG. 5 depicts a side view of the base 
207 that illustrates the varying depths of the cavities carved therein. In one aspect of 
the present invention, a diaphragm 503 is provided adjacent the top surface 207a to 
communicate environmental pressure to the fluid (and thus to the equipment therein) in 
the cavities. In one embodiment, the diaphragm 503 is an elastomeric membrane 503 
situated above the base 201 and applied on the top surface 207a. In a further 
embodiment, the elastomeric membrane 503 is preferably made of hypolon material. 
The elastomeric membrane 503 is preferably laid over the plastic base 207a so as to 
cover the open faces or ends of the cavities. To secure a seal against the top surface 
207a, and over the cavities, a sealing plate 505 is preferably applied over the 
elastomeric membrane 503. The plate 505 is preferably made of a plastic material and 
is secured to the base 207 via screws or similar festeners. By pressing the elastomeric 
membrane 503 against the top surface, the cavities of the base 207 is sealed from the 
surrounding subsea environment. 

The diaphragm may also be made of other elastomeric materials, and other 
flexible and sufficiently deformable material (and configuration). The material must be 
suited to flex, so as to communicate pressure to the cavities. The flexibility of the 
diaphragm material also allows to account for thermal expansion of the fluid retained in 
the cavities. In some applications, a flexible metallic sheet may be employed. 

In a further aspect of the invention, the cover plate 505 is provided with a 
plurality of apertures 507 in appropriate positions. The apertures 507 function to 
communicate environmental pressure onto the upper surface of the elastomeric 
membrane 503, thereby subjecting the elastomeric membrane 503 to the environmental 
pressure. 
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The number and size of apertures may vary, as long as environmental pressure 
can act on the diaphragm material, thereby communicating the pressure to the cavities. 
Preferably, the number and size of apertures are sufficient to prevent blockage by 
sediment and other debris. 

In accordance with the present invention, the cavities are provided with a 
generally incompressible fluid such as an oil-based fluid. In this way, the elastomeric 
membrane 503 acts as a diaphragm and together with the incompressible fluid provide 
the pressure compensation mechanism. Furthermore, the membrane 503 and the oil in 
the cavities function to balance the pressure in the cavities. In this way, the pressure 
otherwise applied to the structure and/or the electronic equipment in the cavities is 
alleviated. 

In many applications, an oil-based fluid will be the most preferred reservoir 
fluid. Other fluids may be employed in alternative embodiments, however. Preferably, 
the fluid of choice is an environmentally benign, generally incompressible, and low 
dielectric fluid. 

In a conventional, prior art method of submerging electronic equipment, the 
sensitive measurement equipment is enclosed inside pressure vessels that provide 
protection from the surrounding water environment. At the typically great depths in 
which the subject measurement systems are deployed, the pressure applied to the 
equipment can be at very large magnitudes (i.e. , 1 5,000 psi). As a result, the prior art 
pressure vessels are designed to be large vessels and therefore may be thick, bulky, and 
symmetrical (i.e., spherical) to avoid stress concentrations. The weight and volume 
attributed to these pressure vessels must be compensated for in designing the 
measurement system to be buoyant. As compared to the prior art system, the present 
inventive systems are smaller, less bulky, and less expensive to make. Further, the 
present inventive system, as depicted in the Figures do not have the buoyancy design 
demands of the prior art systems. 

Moreover, the design of the cavities of the present system provides certain 
operational advantages. For example, direct electrical connections are provided inside 
the fluid filled cavities, without the need of specialized and delicate high pressure 
connectors. Proper design of the cavities (i.e., the channels) may be achieved to 
minimized the length of the cables between components. Minimization of cable length, 
especially the cables between sensors and preamplifiers, reduces or eliminates 
unwanted noise in the measurements that may resuh from long, free moving cables. 
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Furthermore, the compact design of the plastic base provides for additional stacking 
capability inside a ship's hall, for example, as well as minimize the overall voliraie of 
the measurement system. Furthermore, additional reliability is achieved because of the 
reduced number of connectors. Further yet, better signal integrity is possible because 
the signals are not required to pass through high pressure seals. 

One embodiment of the invention provides a pair of magnetic sensors or 
magnetometers 437 of the measurement system 201 installed as shown in FIG. 4. The 
provision of a magnetometer 437 is facilitated by certain attributes of the inventive 
system, including the absence of high pressure seals. The magnetometer 437 may be 
positioned on the sensor arm 209 and proximate the base structure 207. hi the 
alternative, the magnetometer 437 may be positioned near a distal end of sensor arm 
209, as shown in FIG. 4. Preferably, the arms 209 are long enough to position the 
magnetometers 437 a sufficient distance from the base structure 207, whereby a 
magnetic field generated by the flow of current within the base structure 207 are 
substantially undetected by the magnetometers 437 (e.g., a distance that is generally 
several meters). As described in the '006 Patent, such positioning of the 
magnetometers 437 may effectively eliminate the interference and "noise" generated by 
the magnetic fields m the base structure 207. As discussed in the '006 Patent, 
positioning the magnetometers 437 near the distal end of the arms 209 also adds extra 
mass to the ends of the arms 209. Such mass helps to ensure that the magnetometers 
437 contact or is partially embedded in the seafloor 203. In this way, the mechanical 
stability of the arms and of the measurement system 201 is improved. As a fiirther 
result, the flow of sea water or movement of marine life past the arms 209 and the 
magnetometers 437 does not tend to cause additional movement of the arm 209 or of 
the measurement system 201. This also helps to prevent mtroduction of anomalies in 
the recorded magnetic field data. 

A plurality of magnetometers 237 may also be positioned adjacent the base 
structure 207, as shown in FIG. 3. This allows direct connection of tiie magnetometers 
237 to electronics and/or other equipment inside the base stiiicture 207, or at least by 
way of a minimal length of cable. Furthermore, the magnetometers 237 may mount 
adjacent the base structure 207 without use of high pressure seals and connectors. For 
example, a standard pressure fitting may be employed as a connection. In this 
arrangement, tiie magnetometers 237 are open to and, tiius, advantageously disposed in 
fluid pressure copimunication with the oil reservoir in the cavities of the base structure 
207. Thus, the differential pressure (between tiie environmental pressure and tiie 
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reservoir fluid pressure) across a magnetometer 237 is minimized or eliminated 
entirely. 

In a further embodiment of the invention, the magnetometers 437 are dB/dt 
induction sensors. These sensors maintain a dB/dt response which is based on 
induction of an electromotive force due to a time varying magnetic flux. Such a 
magnetic sensor provides a further advantage of a simpler construction, simplified 
cabling requirements and connectors. 

It should be noted, however, that various types of sensors are suitable for and 
may be used with the measurement system according to the present invention. 
Furthermore, the measurement system may be used with both the magnetometer system 
and the electrode system, or with only one of these systems. Each of these 
embodiments will benefit firom a pressure compensating system and fi-om other a^cts 
of the present invention as described herein. 

Further reference should be made to the disclosure of the '006 Patent (which 
has been incorporated by reference) to illustrate various arrangements and selections of 
magnetic sensors. This disclosure also provides various arrangements and selections of 
electrodes. 

FIGS. 6 and 7 depict alternative marine measurement systems according to the 
invention. These Figures highlight a novel deployment feature or means of the present 
invention. In the standard deployment of measurement systems, more specifically 
marine magnetotelluric/CSEM sensors and data acquisition systems, instrumentation 
packages are deployed fi-om a ship and allowed to sink to the seafloor by means of a 
heavy anchor, such as a concrete slab. The anchor is released by an acoustic device 
triggered from the surface vessel and remains on the seafloor indefinitely. 

The alternative embodiments depicted in FIGS. 6 and 7 provide a novel 
anchoring subsystem that is biodegradable. In another aspect of the invention, the 
anchoring system includes a biodegradable container for anchor weight. In yet another 
aspect of the invention, the anchoring system includes a plurality of sandbags 
(container for anchor weight) that are made of a biodegradable material such as cotton, 
canvas and the like. 

FIGS. 6 and 7 illustrate alternative embodiments of the anchoring subsystem, 
according to the invention. Each of these embodiments utilizes a plurality of flotation 
packages including gas-filled flotation balls. FIG. 6 illustrates a three flotation ball 
system, whereas FIG. 7 illustrates a four flotation ball system. In respect to FIG. 6, 
FIG. 7 is depicted with like reference numerals (in the 700 series instead of the 600 
series) indicating like elements. 
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It should be noted that deployment of the measuring system, and more 
specifically, of the anchoring subsystem 601, may be incorporated with conventional 
methods. Such incorporation will be apparent to one skilled in the art, having the 
present Description and/or drawings before them. The anchoring subsystem 601 
utilizes a plurality of flotation balls 61 la, a hydrodynamically shaped recovery float 
613. Furthermore, the anchoring system 601 utilizes a plurality of biodegradable cotton 
sandbags 605 situated between the flotation balls 611. As shown in the initial 
anchoring state of FIG. 6, the releasable sandbags 605 are retained to the recovery float 
613 by way of retention lines 615 secured to a retractable lines holder 619 atop the 
recovery float 613. An acoustic release motor is further operatively associated with 
these components, and is operable to release the sandbags 605. The recovery float 613 
is preferably designed to be released at the same time as the sandbags 605. Release of 
the recovery float 613 and its ascent to the surface precedes that of the rest of the 
measurement system, thereby making recovery of the system by a ship much easier. 

As shown in the Figures, the sandbags 605 are held in the deployment 
configuration by retention lines 615, which are tied to and close the mouth of the 
individual sandbags 605. These retention lines 615 loop around a retractable pin 623. 
The pin 623 may be retracted by a motor powered by the acoustic release motor (not 
shown), which, in turn, may be powered by the acoustic release system (which is 
standard in most measurement system), upon receiving an acoustic command fi-om the 
surface. As the pin 623 is retracted, the sandbags 605 fall to the seafloor 203 and the 
flotation package returns the measurement system (or instrumentation package) to the 
surface. A further important aspect of this inventive system, is that in the event of 
acoustic release malfunction, the biodegradable sandbag 605 and retention lines 615 
will, in time, rot, thereby releasing the measurement system from the seafloor 203. In 
yet another aspect of the invention, the retention lines 615 may be designed and/or 
constmcted from material having a known rotting time, thereby ensuring predetermined 
release of the measurement system from the seafloor. 

While the invention has been described with respect to a limited number of 
embodiments, those skilled in the art, having benefit of this disclosure, will appreciate 
that other embodiments can be devised which do not depart from the scope of the 
invention as disclosed herein. For example, various types and arrangements of sensors 
may be provided in a measurement system employing the inventive pressure 
compensating system. Accordingly, the scope of the invention should be limited only 
by the attached claims. 
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4 

CLAIMS 

1 . A marine measurement system for obtaining measurements in an underwater 
operating environment, said system comprising: 

a base structure having a top surface, a bottom surface, and cavities provided 
therebetween and open to said top surface, 

measurement equipment retained in said cavities; and 

a diaphragm membrane applied adjacent said top surface and seaUng said 
cavities, said diaphragm member being positioned in pressure communication vdth the 
operating environment; 

wherein said cavities are defined by said diaphragm membrane and said base 
structure and filled with a pressure compensating fluid in pressure communication with 
the operating environment through said diaphragm membrane. 

2. The system of claim 1, wherein said diaphragm membrane is elastomeric. 

3. The system of claim 1 , wherein said base structure is a plastic plate structure 
having said cavities carved therein. 

4. The system of claim 1 , further comprising a cover retained over said diaphragm 
membrane to secure said diaphragm membrane to said base structure, said cover having 
one or more apertures communicating pressure to said diaphragm membrane. 

5. The system of claim 1, wherein said pressure compensating fluid is an 
incompressible fluid. 

6. The system of claim 5, wherein said incompressible fluid is an oil-based fluid. 

7. The system of claim 1 , wherein said cavities are in fluid pressure 
communication with one another. 

8. The system of claim 7, wherein fluid in said cavities provide a fluid reservoir in 
fluid pressure communication with said diaphragm membrane. 
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9. The system of claim 1, wherein said cavities of said base structure include a 
plurality of interconnected channels wherein a plurality of said measurement equipment 
are situated. 

1 0. The system of claim 1 , further comprising a magnetometer positioned adjacent 
said base structure and connected with measurement equipment therein, said 
magnetometer being disposed in open communication with one of said cavities and in 
fluid pressure communication with said pressure compensating fluid in said cavity. 

11. A marine electromagnetic measurement system for obtaining measurements in 
an underwater operating environment, said system comprising: 

a base structure; 

electromagnetic measurement equipment retained by said base structure; 

an anchoring system for anchoring said base structure to the seafloor upon 
deployment, said anchoring system including a releasable container containing anchor 
weight, said container being made of a biodegradable material; and 

a flotation package adapted to float said base structure to the surface upon 
release of said anchoring system. 

12. The measurement system of claim 1 1 , wherein said container is a sandbag made 
of biodegradable material. 

13. The measurement system of claim 12, wherein said anchor system further 
includes a release mechanism including a biodegradable retention line securing said 
sandbag. 

14. The measurement system of claim 13, wherein said release mechanism further 
includes a retractable pin secured with said retention line and a motor operably 
associated with said retractable pin and operable to retract said pin to separate said 
retention line from said sandbag. 

15. In a remotely operable measurement system subject to a relatively high 
environmental pressure, such as a subsea or marine exploration system and the like, a 
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pressure compensating system for balancing the pressure within the measurement 
system with the operating environment, said pressure compensating system comprising: 

cavities in a base structure of the measurement system, said cavities retaining 
measurement equipment and having open ends; 

a diaphragm membrane applied adjacent the base structure to seal said open 
ends of said cavities and measurement equipment retained therein, said diaphragm 
membrane being positioned in pressure communication with the operating 
environment; and 

a fluid reservoir filling said cavities, said fluid reservoir being in pressure 
communication with said diaphragm membrane. 

16. The pressure compensating system of claim 1 5, wherein said fluid in said fluid 
reservoir consists of an incompressible flxiid. 

17. The pressure compensating system of claim 16, wherein said cavities are in 
fluid pressure communication with one another. 

18. The pressure compensating system of claim 1 7, further including a cover 
retained over said diaphragm membrane, said cover having one or more apertures for 
communicating pressure to said diaphragm membrane. 

1 9. A seafloor electromagnetic measurement system for obtaining measurements of 
earth formations in an underwater operating environment, said apparatus comprising: 

a base structure having a top surface, a bottom surface, and cavities provided 
therebetween and open to said top surface; 

electromagnetic measurement equipment retained by said base structure; and 
a pressure compensating system including, 

a diaphragm membrane applied to said top surface and sealing said cavities, 
said diaphragm membrane being positioned in pressure communication with the 
operating environment, and 

a fluid reservoir filling said cavities, said fluid reservoir being in pressure 
communication with said diaphragm membrane. 
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20. The system of claim 19, wherein said pressure compensating system further 
includes a cover retained over said diaphragm membrane, said cover having a plurality 
of apertures for communicating pressure to said diaphragm membrane. 

21 . The system of claim 19, v^herein said fluid is an incompressible fluid. 

22. The system of claim 21 , wherein said cavities are in fluid pressure 
communication with one another. 



23. The system of claim 1 9, further comprising a releasable anchor for anchoring 
said base structure to said seafloor, said anchor including a sandbag made of a 
biodegradable material. 



24. The system of claim 19, further comprising: 

a plurality of arms extending from said base structure; and 
at least two magnetometers each coupled to one of said arms, wherein said 
magnetometers are positioned a selected distance from the base structure so that 
magnetic fields produced by electric currents in the base structure do not substantially 
affect the measurements made by the magnetometers. 

25. The system of claim 19, further comprising at least one magnetometer 
positioned adjacent said base structure and connected with measurement equipment 
therein, said magnetic sensor being disposed in fluid pressure communication with said 
fluid reservoir. 



26. A method of conducting subsea measurements with an electromagnetic 
measurement system, said method comprising the steps of: 

providing an electromagnetic measurement system including a base stmcture, 
measurement equipment disposed in cavities in the base structure, and a diaphragm 
membrane sealingly applied over the cavities and positioned in pressure 
communication with the subsea environment external of the electromagnetic 
measurement sysitem, wherein the cavities are filled with a pressure compensating fluid 
that is disposed in fluid pressure communication with the diaphragm; 
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deploying the measurement system to a subsea location such that the diaphragm 
membrane acts to communicate the pressure of the surrounding subsea environment to 
the pressure compensating fluid; and 

conducting electromagnetic measurements from the subsea location. 

27. The method of claim 26, wherein the electromagnetic measurement system 
further includes a magnetometer positioned adjacent the base structure in direct 
connection with measurement equipment in a cavity of the base structure and in flmd 
pressure communication with pressure compensating fluid in the base structure, said 
step of conducting electromagnetic measurements including measuring magnetic fields 
with the magnetometer. 

28. The method of claim 26, wherein the base stmcture includes a plurality of 
cavities filled with the pressure compensating fluid and a plurality of measurement 
equipment disposed in the cavities, the cavities being interconnected such that during 
said deployment and conducting steps, said cavities are in fluid pressure 
communication with one another. 

29. The method of claim 26, wherein said deploying step includes deploying the 
measurement system in the vicinity of the seafloor and at a depth greater than about 
1,000 meters. 
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